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MOTIVATION AND INTRODUCTION

Understanding the mechanism that generates the
masses of elementary particles through electroweak
symmetry breaking (SB) has been one of the
fundamental efforts in particle physics for several
decades. It is well known that the description of the
theory in the Standard Model (SM), in particular,
electroweak interactions, begins with a doublet of
complex scalar fields, and after SB, three of four initial
material scalar fields are extinguished by gauge fields,
and only one neutral scalar Higgs field remains.

2.



The SM Higgs boson mass My =v2lu is determined 3.
by the self-coupling parameter | in the SM scalar
potential ()=, 2F *F + %F) with the expectation value
J » 246 oy OF the Higgs field.
Therefore, the quartic coupling | IS a free parameter in
the SM. This means that there is no a priori prediction for
the mass of the Higgs particle, and at the same time the
sign of the mass parameter is negative for electroweak
SB and there is no clear understanding of what
determines this sign.
The experimentally determined Higgs boson mass,

, means that and

M g »125GeV | @.13 m| @8.4GeV

« Navas S. et al. Status of Higgs Boson Physics (Particle Data Group) // Phys. Rev. —
2024 - D 110 - 3, 030001.

« T.-P. Cheng, L.-F. Li. Gauge theory of elementary particle physics — Oxford.
Clarendon Prace 1024 — KRR P



https://inspirehep.net/literature?q=collaboration:Particle%20Data%20Group
https://inspirehep.net/authors/1013166

The theoretical expectation of the upper bound on the 4.

Higgs particle mass <3s50Gger (With allowance for small
values of the interaction constant according to
perturbation theory (PT))

Navas S. et al. Status of Higgs Boson Physics (Particle Data Group) // Phys. Rev. — 2024 — D 110 —
3, 030001.

has been experimentally confirmed by the ATLAS and
the CMS:

Aad G. et al. (ATLAS Collaboration) Observation of a new particle in the search for the

Standard Model Higgs boson with the ATLAS detector at the LHC // Phys. Lett. — 2012. — V.
B716. - P. 1-29.

Chatrchyan S. et al. (CMS collaboration), Observation of a new boson at a mass of 125 GeV
with the CMS experiment at the LHC, // Phys. Lett. — 2012. -V B716. — P. 30-61.

collaborations at the Large Hadron Collider (LHC), so
discovery of this resonance with a mass of
approximately certainly has far-reaching

implications.
125 GeV



https://inspirehep.net/literature?q=collaboration:Particle Data Group
https://inspirehep.net/authors/1013166

The fundamental particles couplings to the Higgs S.
particles are set by their masses. This new type of
interaction is very weak for light particles (e.g., and
quarks, and electrons), but strong for heavy particles
(e.g., -and -gauge bosons and -quarks). Thatis,
the SM Higgs boson couplings to fundamental fermions
are linearly proportional to the fermion masses, whereas
the couplings to gauge bosons and as well as the
Higgs boson self coupling are proportional to the square
of the gauge boson masses and square of the Higgs
boson masses:



A _ £ SHHH 173 , SHHHH 174
Lint = ngfﬁ(H-l_—6 H™+ 4 H +

x 0
deVd "G oG H +SHHCG 122,
e 2 %
_ _ 2
where &HFF VF —mF/U, EHGG _ZmG/u . 8HHGG :2WI(2;/U2
2 —n 2 2 ,
EHHH =3mH/l4 & HHHH —3mH/U , G =w7or z%dy =1, d_, =I/.

Workman et al.(Particle Data Group). Status of Higgs Boson Physics// Prog. Theor. Exp. P|%/S. —
2022, 083C 01.



7.

In particular, the coupling of the Higgs boson with gluons

Workman et al.(Particle Data Group). Status of Higgs Boson Physics// Prog. Theor. Exp. Phys. —

2022, 083C 01.

Shifman M.A., Vainshtein A.l., Voloshin M.B. and Zakharov V.l. Low-Energy Theorems for Higgs

Boson Couplings to Photons // Sov. J. Nucl. Phys. — 1979 — V. 30. — 711 [Yad. Fiz. — 1979 - V. 30.

— P. 1368 — 1378]. Ellis J. R., Gaillard M. K and Nanopoulos D. V. A phenomenological profile of
the Higgs boson //, Nucl. Phys. — 1976. — V. B106. — P. 292-340

IS induced in the leading order by a one-loop process in
which Higgs boson is coupled to a virtual pair of

quarks, while the contribution of other lighter quarks is
smaller. And the photons coupling to Higgs boson is also
generated via loops, although in this case the one-loop
graph with a virtual -pair provides the dominant
Contribution, and it is interfering destructively with the
smaller contribution inV6lving a vitual - pair.



https://inspirehep.net/authors/982410
https://inspirehep.net/authors/984469
https://inspirehep.net/authors/985109
https://inspirehep.net/authors/988994
http://doi.org/10.1016/0550-3213(76)90382-5

The Higgs boson interacts with very heavy particles 8.
(preferably -or -bosons, or -quark and then with
lepton or ;-quark), it is not related directly to massless
photons or gluons. This creates a theoretical opportunity
to investigate the following processes of forming Higgs
particles: an electron-positron pair annihilation into an
excited -boson with its further decay intoa - boson
and a Higgs boson; model production ofa -boson
through a  -quarks triangular diagram, which formed as
a result of ir}teraction of gluons ;




the process of gluon scattering with -quark exchange;9.
and production of the -boson through channels of
annihilation and scattering of two quarks ( , and )

q1 9>
with exchange by the virtual -or - bosons with”
with further formation of - and (gr )-bosons on the
pair of quarks (  and ¥ beyond PT. As is well

known, the Higg¥:bosor¥s taking part in the coll-

sions can also be expected in the coIIisngns
(for example, in the process cet ) with futher
decay . It is believed that scattering of particles in

the deeply inelastic range of iforehtdi’éhange
occurs ¥i& e exchange by the entire trajectory of
particles.



10.



The scattering amplitudes of particles are mainly 11.
calculated by the PT method. It is well known that
beyond PT, nontrivial results are obtained within the
framework of the gauge field theory. It is also well known
that summation of the ladder-type diagrams always
leads to the integral BS equations for the scattering

amplitude

Arbuzov B. A., Logunov A. A., Tavkhelidze A. N. and Faustov R. N. Regge poles and the Bethe-
Salpeter equation // Dokl. Akad. Nauk SSSR. — 1963. — V. 150. — P. 764-766; Amati D., Fubini S.,
Stanghellini A. Theory of high energy scattering and multiple production. 7/ Nuovo Cimento. — 1962.
— V. 26. — P.896-954.; Arbuzov B. A. and Rochev V. E. Equation for the imaginary part of the
scattering amplitude in the ladder approximation Yad. Fiz. — 1975. — V. 21. — P. 883-889(in
Russian); ).; Callan Curtis G., Jr. and Goldberger M.L. Model calculations of electroproduction and
inclusive annihilation cross sections.// Phys. Rev. D. - 1975.— V.11. — P. 15653-1562,;

Gadjiev S. A. and Jafarov R. G. On the Regge asymptotics of the scattering amplitude of scalar
particles at arbitrary angles. // Bull. Lebedev Phys. Inst. — 1986 — No. 11 — P. 25-28(in Russian).

for different models of the quantum field theory.



To calculate the asymptotic scattering amplitudes 12.
of particular processes at high energies, the method
proposed in work

Gadjiev S. A. and Jafarov R. G. On the Regge asymptotics of the scattering amplitude of scalar
particles at arbitrary angles. // Bull. Lebedev Phys. Inst. — 1986 — No. 11 — P. 25-28(in Russian).

and further developed in work

Jafarov R. G. Model Bethe-Salpeter equations for the scattering amplitude of Higgs scalars with
solutions. // Russ. Phys. Jour. — 2024. — V. 67. — No 5. — P. 20-26(in Russian).

Is convenient from the technical viewpoint.

First of all, it is of methodological interest to study
theoretically the processes of scattering of the fermion-
antifermion with exchanging of the Higgs bosons and
decay of Higgs boson into two massive bosons. For
example, the decay intotwo (or  )-bosons bosons
according to the ladder Bethe,Salpsfer (BS) .



In the present work, we undertake an attempt 13.
of calculating fermion-antifermion scattering amplitude
with exchanging of the bosons In the ladder
approximation in the covariant g~ gauge that can

provide the basis for studying the processes of type

et ® 7% @ 7010 and the inclusive channel in
_ collisions.
pp




MODEL BETHE-SALPETER type EQUATIONS 14.
Amati-Bertocci-Fubini-Stanghellini-Tonin and
Arbuzov-Rochev Equations
In  this approximation  authors  begin  treating
“electroproduction” but with all particles being treated as
scalars. The process 1s, as usual, virtual photon () incident
on “nucleon” ( ) producing hadrons over Whichqthey sums

The kinemaqticsp are shown 1n following figure

pgiam/,»—\\i,%‘k P“h‘l f,.r'“k p%‘gr _____ :rpr'“k
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(1) 15.
this Equation called as Amati-Bertocci-Fubini-
Stanghellini-Tonin Equation
and

T(p.q)=B(p.q)+ d%% &a'K(q.9)D (¢')T(pg')  (2)

Is Arbuzov-Rochev Eq

Both Group using different approximations for some
substructure of integrand as expansions after some
calculations received solutions in the form of a power
function (up to logarithmic factors) of total energy

where some ]u(rgcttl,gr)g@@tfd)tal energy
transfer]s mo;@entum and particle masses  Power
function include only coupllng constant, mass and



In our investigation we use to (1) and (2) hybrid Equation  16.
for scattering amplitude 1n ladder approximation

Alp.p' ks, )= Dp+p' )+

3)
V2 74 ' Nt
@(y’ ¢l )D(p- ¢)Dlk- g)A(q, p kK5 )
where vertex function, which include itself coupling
constants .
& HrF ° Yr :mF/u ) E HGG :2mG/u ’
g uice :2m(2;/U2, 8 nun =3m12{/u » EnHHH :3m12{/u2 ;

G =W?* (ZO), dy =1, dZO =1/2



In our model the hybrid Equation for boson-boson 17.
scattering amplitude for imaginary part in the theory
with SSB has the form:

ng(?f@H@Gf'Gf' (pz’ pvz;S’t ):_ pI/;iG,Hd gp+p')z i MEHVGf‘Gf‘H

PVo.c:uV .
- G’Glgp )G4foH (‘)dq0|g|2d‘5‘sinq dqdj ds'd ((p+p'- q)z - S'; (6]0}j L]z - M%[}(‘]O "'P'O)

FG,G,-®H®Gfo (qzap.z;s,) (4)
4 2 IENT- ) o
Sp-a) - M Y&{p-a) - M

p\




GENERAL EQUATION FOR 18.
FERMION-BOSON SCATTERING

The fermion-fermion scattering amplitude in the single-
particle ladder approximation of the theory with the
three-linear interaction: satisfies the BS type equation

V(0 Map (2. Pk k'Y ') =T (0 Vi, 7D, (P + P' Vs 8%any (P')+
Wit e 0107 (P Pi gl dtea - Pbek iRt -atembedf - 4V ()

4-mom9qn:t@f fermions ang posons, respectively. The
amplitude e is'the function of the following invariants:

Aab

p29p12’k2,k12



19.
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Solution of Equations 20.
Look for the solutions of Egs. (6) in the Regge region 1n the
form

.2 (1)

where S hE r)c@ 8mzeg:oms’[ants (S hP )@2 8m d

Using these funétions 1n (6) and then tie get the particle with
momentum on the mass shell and the particle
with momentfm  near the mass ghel= M , and the
correction to the exist for the mass shell in hlg@ é\ﬂ@rgles

1s very small.

s® ¥
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69203 ds' o

g‘l’|®05 s’
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B nacrosimee Bpemst ISAAC GROUP Collaboration 22.
Ha CTAJIMU aHAJIM3A CTPYKTYPbl YPABHEHUM U ONIPEACIICHUS
AHAJIMTUYECKUX BBIPAKEHUU PEIKEBCKOTO IOKa3ares. Takxe
COIJIacyeM rHOpHUIHOE PEIICHUE CUCTEMBI YPABHCHHM B BUJIEC
CTEIICHHOM U ABAXIbI-TOrH()MUYECKON aCUMIITOTHYECKOM
dbopme.

B CBsI3M Hanps>KE€HHOM I'E€ONMOJINTHYCCKON 0OOCTaHOBKH B
IOr0-3anagHou yacTu EBpoaszuu, aBuanoe3aKu OrpaHuyECHbI,
TAKK€ B CBSI3M MO3IHETO MOATBEPXKACHUSA MOET0 YYaCTHUSA HA
BOPKIIIOIIE, MOA TPYIIIA C HACTYIUIEHUEM CE30HA JIETHUX
OTITYCKOB IPHOCTAaHOBHJIA pa00OTy KOJUIAa0OpallMu 0 OCCHU
2025!

CorjiacoBaHHUs MOJIYYEHHBIX JAHHBIX C SKIIEPUMEHTOM
IJIAHUPYEM JI0JIOKUTH HA CEMUHApa TeopoTaeiia JIOryHoB
N®B3 IIpoTrBrHO B HOSIOpE!



THANK YOU FOR YOUR ATTENTION!

If you have any questions, write to me at the address
r.g.jafarov@gmail.com

I will certainly answer you.


mailto:r.g.jafarov@gmail.com

